








III. Prescriptive Fire Protection Analysis




II. High Rise Requirements 
III. 3D Renderings 
IV. Applicable Codes
V. Occupancy Classifications
VI. Building Floor Plan Layout




• Multi Use Residential 
High Rise Tower
• 149 dwelling units 
over 8 floors
• Two below 
grade parking garage 
levels under the 
building footprint
• Type I-B construction
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High Rise Building Requirements 
• IBC Chapter 4 Section 403
• Building Height < 420 feet
• Full Sprinkler System Coverage
• Seismic Design Class C
• Secondary Water Supply
• Main Water Supply run in parallel lines before fire pump
• Fire Pump Room 
• Emergency Systems (403.4)
• Fire Alarm System 
• Standpipe System 
• EVAC System 
• Emergency Responder Radio Coverage
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High Rise Building Requirements – Continued
• Dedicated Fire Command Room 
• Smoke Management
• Stairwell Pressurization System
• Exhaust System in Garage
• Emergency Power
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3D Rendering – Southwest
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3D Rendering – Southeast
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3D Rendering – Northeast
Slide 10







• International Building Code (IBC), 2018 Edition
• International Mechanical Code (IMC) 2018 Edition
• International Fire Code (IFC) 2018 Edition
• NFPA 1, Fire Code, 2015 Edition
• NFPA 13, Standard for the Installation of Sprinkler Systems, 2016 Edition
• NFPA 14, Standard for the Installation of Standpipe and Hose Systems
• NFPA 24, Standard for the Installation of Private Fire Service Mains and Their 
Appurtenances, 2016 Edition
• NFPA 70, National Electrical Code (NEC), 2017 Edition
• NFPA 72, National Fire Alarm Code, 2016 Edition
• NFPA 101, Life Safety Code, 2015 Edition
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Occupancy Classifications 
• Enclosed Underground Garage Floors
• Storage Occupancy Low Hazard Storage S-2 (IBC 311.3) 
• 1st Floor: Residential/Exercise/Office Space /Retail (Future)
• Business Occupancy B (IBC 304.1) 
• Assembly Occupancy A-3 (IBC 303.3) 
• Mercantile Occupancy M (IBC 309.1)
• Residential Occupancy R-2 (IBC 310.4) 
• Floors 2-8 : Residential Units 
• Residential Occupancy R-2 (IBC 310.4) 
• Roof: Pool 
• Assembly Occupancy A-3 (IBC 303.5)
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Building Layout – First Floor
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Building Layout – First Floor Mezzanine
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Building Layout – Second Floor
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Building Layout – Floors 3-6
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Building Layout – Seventh Floor
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Building Layout – Eighth Floor
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Building Layout – Eighth Floor Mezzanine
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Building Layout – Roof
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Avg Gross Area Per Floor
Prescriptive Fire Protection Analysis
I. Fire Resistance of Building Elements
II. Flammability of Interior Finishes
III. Wet Suppression System
IV. Fire Alarm System
V. Smoke Control System
VI. Egress 
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Fire Separation RatingBuilding Element
Incidental Use Separation (T508.2.5)
Occupancy Separation (T508.4)
Party/Fire Wall Separation (T706.4)
Smoke Barrier Separation (S710)
Tenant Separation (S402.7.2)
Shaft Enclosures - Exit (S708.4)
Shaft Enclosures - Other (S708.4)
Corridor Separation (T1018.1)
Fire Resistance of Building Elements 
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Flammability of Interior Finishes
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GROUP R-2 CLASS
EXIT ENCLOSURE / EXIT PASSAGEWAY C
CORRIDORS C
ROOMS AND ENCLOSED SPACES C
GROUP A-3 CLASS
EXIT ENCLOSURE / EXIT PASSAGEWAY B
CORRIDORS B
ROOMS AND ENCLOSED SPACES C
GROUP B CLASS
EXIT ENCLOSURE / EXIT PASSAGEWAY B
CORRIDORS C
ROOMS AND ENCLOSED SPACES C
GROUP M CLASS
EXIT ENCLOSURE / EXIT PASSAGEWAY B
CORRIDORS C
ROOMS AND ENCLOSED SPACES C
GROUP S-2 CLASS
EXIT ENCLOSURE / EXIT PASSAGEWAY C
CORRIDORS C
ROOMS AND ENCLOSED SPACES C
WALL AND CEILING FINISHES
IBC Table 803.11
Wet Fire Suppression System 
• Automatic Sprinkler System
• Municipal water supply
• Two 8” lines supplied from municipal supply.
• Fire Pump with Electric Driver
• Riser in North Stairwell
• Class 1 Automatic Standpipe for Hose in North and South Stairwell
• Extend to Roof (Two connections per standpipe)
• Light Hazard Classification in Residential Areas (NFPA 13)
• Ordinary Hazard Group 1(Parking Garage/Common Spaces)
• 155-degree Sprinkler heads in residential spaces
• 200-degree Sprinkler heads in Parking Garage
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Wet Fire Suppression System – Fire Pump
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Static Pressure (PSI) 70
Residual Pressure (PSI) 62
Flow (GPM) 1321
Flow Test Data 
Suppression Supply/Demand Curve
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1000 GPM @ 105 psi 
Hose Demand 
Sprinkler Coverage – Residential 
• VK466
• RTI 50 
• Activation Temp of 
68.3 ℃
• 4.9m x 4.9m 
coverage at 7.2 
psi.
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Sprinkler Coverage – Enclosed Garage
• VK102
• RTI 50 
• Activation Temp of 
93 ℃
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Fire Alarm System 
• Edwards EST-3 Platform 
• Addressable Class A Signaling Line Circuits
• Notification Appliance Circuits
• Voice Evacuation System (Assembly Occupancy, load over 
1000 occupants)
• Speaker Strobe notification
• Speaker only notification
• Strobe only notification
• Secondary Power Supply
• 24 Hour Standby, 15 minutes in Alarm 
• Offsite Monitoring (Alarm, Trouble, Supervisory) 
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Fire Alarm System 
• Addressable Signaling Line Circuit
• Ceiling Mounted Smoke Detection (Area Detection)
• Ceiling Mounted Heat Detection (Mechanical Spaces)
• Duct Smoke detection in HVAC units
• 120v interconnected local smoke detection in Residential Units
• Automatic Sprinkler Monitoring
• Supervisory Tamper Switches
• Alarm Switch Flow Monitoring
• Fire Pump Controller Monitoring (Via Addressable Monitor Modules)
• Stairwell Pressurization Panel Monitoring (Via Addressable Monitor 
Modules)







• Occupant Loads calculated from IBC Table 1004.5 Load Factors
Egress Requirements – Stairways 
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• Occupant Egress Stairway widths from IBC 1005.3.1 (Automatic Sprinkler and Voice Evac)
Egress Requirements – Doors 
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III. Design Fire Scenario
II. Required Safe Egress Time
I. Hand Calculations
II. Computer Simulation





I. Objectives (NFPA 101 4.2)
I. Occupant Protection
I. Are occupants who are not intimate with the initial fire development, 
protected for the time needed to evacuate, relocate, or defend in place.
II. Systems Effectiveness
I. Systems utilized to achieve the goal of occupant protection shall be 
effective in mitigating the hazard or condition for which they are being 
used, shall be reliable, shall be maintained to the level at which they were 
designed to operate, and shall remain operational.
Tenability Criteria
I.Performance Criterion (NFPA 101 5.2.2)
I. Any occupant who is not intimate with ignition shall not be exposed to 
instantaneous or cumulative untenable conditions.
II.Tenability Criteria
I. 60℃ temperature exposure
II. Smoke free zone of 2 meters in height
• Fire Engineering Design Guide, Centre for Advanced Engineering at the University of 




I. Parking Garage Fire
I. Design Fire Scenario 1 (Chapter 5 NFPA 101)
II.A two car collision results in a two-car fire that reduces egress to one 
stairwell.
I. Determine RSET




RSET Egress Time – Hand Calculations
• Hydraulic Model (Gwynne and Rosenbaum, 2008)
• First Order Approximation (Assuming optimum balance) 
• Limiting Factor is the doorway to stairs. 
• 34” of effective width at door
• 68 persons/min
• Population on B2 determined using occupant load factor
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RSET Egress Time – Pathfinder Model
• Pathfinder Model
• Limiting Factor is the doorway to stairs. 
• 34” of effective width at door
• Population on B2 determined using occupant load factor




• Heat Release Rate of Vehicle Fire 
• NFPA 502 




Design Fire - Heat Release Rate
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Design Fire – Fuel Reaction and Byproducts
FDS Simulation – Computational Mesh and 
Layout
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FDS Simulation – Device Placement
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• Viking VK102
• RTI 50 
• Activation Temp of 
93 ℃
• R= 4.57 m (15ft)
• H = 3.35 m (11ft)
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Sprinkler Coverage – Design Fire 




• First Sprinkler 
Activates at 215 
seconds
• Sprinkler Activation, 
HRR is 2182 kw
FDS Simulation – Temp/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 50 (s) 
FDS Simulation – Temp/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 100 (s) 
FDS Simulation – Temp/Egress Slice Files
Slide 62
• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 150 (s) 
FDS Simulation – Temp/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 200 (s) 
FDS Simulation – Temp/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
• All occupants have 
entered exit 
stairwell
Time = 250 (s) 
FDS Simulation – Smoke/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 50 (s) 
FDS Simulation – Smoke/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 100 (s) 
FDS Simulation – Smoke/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 150 (s) 
FDS Simulation – Smoke/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
Time = 200 (s) 
FDS Simulation – Smoke/Egress Slice Files
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• FDS and Pathfinder 
Slice Files @ 50 
second intervals
• All occupants have 
entered exit 
stairwell
Time = 250 (s) 
Conclusions
• RSET<<<ASET 
• Proposed design meets prescriptive code requirements 
• Prescriptive system design met the demands of design fire
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